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|T9-{ARY The rheology of coal-uater slurrles has been lnvestr.gated uslng a rocatlonal vLscoo€tet. Flvedrffer€nt AugtralLan coals havlng a range of propertlea lrere Eestea. gich coat 
"""-g.orrna to a nunber ofdlfferent sizee havlng nedlan partlcle ilzes ranglng frorn 15 co 23 ulcrons, then eaci sanple wa8 tested ata ouaber of dlfferent concentratlons- As a resuil the effect on the Blnghau plastlc pararDEters of suchfactors as coal tyPe' nr'neral oatter conte[t, typea of clays present, partr.cle size, concentratlon and pllhave been tested. The oost slgnlflcant flndlng-was rhat for "rr or rhe coals the Binghao yield strersvarled tlth representative p.rci.le slze, d5g, app.o*rr"t"iy 

""-a5i-i:5;;i;.';;"";ta"trc vlscosl.ty vartedapproxloatelY as,d5g-0'5. rotn the yleli siiess-ind plastrc vlscoslty were srrongly dependent on concen-rratlon' ulneral o,rtcer aod type LnfLuenced the rheology ln a complei oanner aepfnihg on pII, electrolytelevel.and the degree to ntrlch the clays rere dlssenl"rtli itr.o"thou! rhe coal. care uusr rherefore beexerclsed I'n extrapolatrng rheoroglcal resulti fron one coar to anoEher.

1 I}MRODUCTION

rnterest Ln Ehe rheology of coal-waEer slurries has
lncreased in recenr years. The eoncepE of uslng
ftne coal-sater mixtures as an alternat,tve to o11
for boller fuel is belng pursued in a number of
countrles (see for example lst European symposLuu
on coal Llquld Mlxtures, rnst. chem. Engrs. ( 1gg3) ).
The rheology of such slurrles 1s of eruclal
importance tn assesslng and destgning pumplng and
combust,lon equlpmenE. In Ehe slurry transportation
fleld, apart from Lts importance in the pumplng of
f ine coal slurries, t,he current interest, ln the
pumplng of sEabtllzed mtxtures of coarse coal in a
fine coal vehicle relies on the rheology of Ehe
flne coal porrion (Ihomas (1979), Rigby er al(1982), Duckworrh eE al (lg8z)). rn coal washeries
the treatment of Ehe fine coal fracLion can involve
slurry rheology in equi.pment, such as centrifuges
and cyclones. For recovery and beneflciaLlon of
ult,raflne coal the oil agglomeratl.on process ls
being eonsldered (Elkes et al, t9g3). Once again
slurry rheology l"s of importance in evaluatrrrg the
varlous .process opt lons .

The present paper reports on a rheologlcal investt-gatlon lnto the effects of concentration, partlcLe
size, mLneral matter and surf ace cheraisEry uslng
flve dlfferent Australlan coals.

2 EQUIPMSNT AI'ID E:GERIMENTAT TECHHIQUE

samples of coal were prepared for chemlcal analyses
and rheologlcal studles tn accordance wlth
.0.ustrallan sLandard LGTG ( 1975) . spectal care was
exercised ln preparlng sub samples for Ehe
rheologlcal studles to ensure rhat representatlve
samples Lrere used.

Rheologlcal measurements rrere macle uslng a
Contraves RheomaE 30 viscomeler.

coal samples of varlous slzes were prepared byftrstly crushlng the coal to a nominal top stze ofI ntm tn a srnall raboratory harnrner m111. The coal
was then f urrher ground to the requlrecl s lze in aslebtechnlk Lnhorntory mlrl for varlous tlmes
rlngtng from 5 to 60 seconds. The snmple slze wfls

kept constant.

The slurrles f or test ing erere prepared by addlng
the coal slowly Eo the required amount of Eap
water conralned in a beaker fitted wlth a high
speed stirrer, Baffles were provided in che beaker
to allow good mixing. stirrlng was conEinued for
30 minutes to ensure that all the particles were
wet ted and a hcmogeneous slurry Lras ach ieved . The
pH of the s lurry $ras ad j us ted r+here required by theadditlon of sodium hydroxide or hydrochlorlc acld.

size analyses were carried ouE by firstly rlnslng
a sample of the slurry rhrough a 45 micron u"r"urr.
The plus 45 micron material was air ctried and a
screen analysis carried ouE. The minus L5 micron
maEerial was analysed using a Quantirnet 7?o imageanalyser. Figure I shows cypical size analyses
for the Appin coal.
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3 PROPERTIES OF COALS TESTED

Flve coals having a range of propertles were
selected for thls study. None of the coals had
been washed and therefore eontatned all of the
orlglnal mtneral matter contaLned ln the run*of-
mine coal.

Table I llsfs the chenlcal analyses for the flve
samples. Couprehensive mlneral matter analyses
erere undertaken to allow an assessrent of the
effect of varLous mlneral species on rheologtcal
behavlour.

the slurry the more deviatLon from the Blngham
rnodel ac low shear rat,es . Durl,ng tes t ing attthLxotroplctt ef fect tras generally observed. Thls
meant that for a glven shear rate the shear stress
would decrease wlth time. over a 15 mlnute perlod
both the yleld sEress and the plastlc viscoslty
decreased by beEween 30 and 502 wlth the smaller
decrease observed rlth a higher inittal yteld
stress. Thls phenomenon ls almosE certalnly
asgoclated wleh settllng of parttcles under shear
condlttons. Ttromas (L97 9 (2) ) showed Ehar parrLcles
whtch are roo-s€ttllng under etatlc conditlons can
readlly setEle once shearlng beglns. He also

TABLE I

COALS USED IN THE STTIDY

Cheulcal Analysts

Colllery
Seam

Holsture Za. d.b.
Ash %d.b.
Mlneral l{atter, Zd.b.
Volatlle Matter Zdqf
Carbon tt

Hydrogen rt

Nltrogen I'

Sulphur It

Oxygen rr

Spec if lc Energy (}LI/ke)

MLneraloglcal Analyses of

Quart z
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Jaros ite
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r
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HineraL Matter (X-Ray Diffractlon)
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1 .39
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25.32
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5 .00
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I .20
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L2.96
2L,79
89.64
4.70
I .90
0.29
3 .30

36 .40

Southern
BLend

1 .30
2L.2
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4.1

RHEOLOGICAT RESTTLTS

Method

Rheology measurements rrere performed on t,he five
coal samples for varLous comblnations of partlcle
sLze and concentratLon. In most cases Ehe
Measurlng System A lras used (largest bob and cup)
alEhough for the thicker slurrles the B system had
to be employed. fystem A allowed testlng to shear
raEes of 700 sec-r whereas system B was llmlted to
195 sec-1.

Figure 2 shors ryplcal flow curves. The Bingharo
model,

oo + npl

o
o.

;
tA
L,
C
o

t
U
a

dg

dy

where o ts the shear sEress
oo ls t,he Blngham yleld s tress
npl ls the plastlc vlscoslty

and du/dy ls Ehe shear rate

ftts the hlgh shear rate data well. The
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Flgure 2 Typlcal rheogramsEhlcker
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Flgure 6 Effect of partlcle Slze
on Plast,ic VlscoslEy

coBgulated or f locculated. Tlre tlegree of('()/'lgulntlon tlepends on a number of facfors
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pH

Flgure I Effecr of pH on yield stress for
5OZ Concent,ratlon Slurries for

for 60 Second Grlnd
(nominal d56=23 microns)

lcw clay content, exhibits the lowest yield stress.This is to be expecEed.

For Appin and Burwood coals pH is seen to have adramatLc ef fecE. However f or i^Iongawilli coal ,which has not too dissimilar properties of Ehedlf ferent clay types f rom rhese tr*o, there was noeffect of pH. The clays are known co be veryfinely disseminated rhroughour Ehe wongawilri coaland this could be a factor since some of the clayswould consequently be locked within coal partlcres
and so no E in f luence rheo l,rgy .

ErectrolyEe concenrrat ion can also have a brgeffect. Addic icn of *ve ions is known Eo causecoagulat ion . This is exp loi ted in the use o fAlum to clarify waEer. coagulacion occurs becausethe *ve ions compress Ehe electrical double layerallowlng van der waal acEractive forces topredominaEe. rn the present tesEs Burvood coalexhibited a very low yield sEress at its natural
pH.

However previous work by the authors (not reportedhere) using water from Ehe Burwood mine resultedin a much higher yield scress. This is becauseof the high salinity revels in Ehe mine wacer.

rt is obvious that rhe effecc of clay proportlons
ahd clay types on rheology ts very complex andbeyond the scope of the pr"sent paper. It isdlfflcult to make generalizatlons and ic wourd
seem best to test each partlcular coal Eo derermlnethe effects. care musE therefore be exercised tnextrapolat ing rheological results from one coal toanother.

rt needs to be noted however char all coals testedhere were unwashed coars. For washed coals oflower mlneral marter revels, che effects onrheology wLtt be proportionarely less.
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slze, mlneral matter content and type and surface
chemlstry. In the ceneent,rat,ton range 30U t,o 607,
by weight both Ehe yteld stress and plastlc
vLscosity varled by a factor of about 100 ELrnes.
Ar the loveet concenEratlon the varlatlon was
approxlmately proporttonal to concentraEl,on squared
whllst at 602 the exponeot $as ln excess of 10.

Yleld stress was found Eo vary wlth medlan
partlcle slze dSO roughly as d50-1.5 whllst
plastlc vlscoelEt varled roughlf as d5g-0.5.

Mlneral Batter conEent and type lnfluenced the
rheology ln a complex manner dependi,ng on pH,
electrolyte level and Ehe degree to which the
clays are dtssemlnated through the coal. Because
of these effects no typlcal rheology can be glven
for coal, sLurrles of a glven stze and concentra-
tlon.
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ABSTRAC?

A STUDY OF SOME FI,CTORS AFFECTING TIiE RITEOLOGY OF COAL-WATEB SLI'RRIES.

KEffoRDs! coal-rater mrxturea, rheorogy, shear aEresa, slurries, yleld strese.
ArsrMcr: The rheology of coar-nater slurrlea haa been rnvestlgeted uslng arotatlonal vlecoueter. Flve dlfferent Australlan coale havlog L range ofpropertlee were tested. Each coal was ground to a nuober of ilfferent slzeshavlng uedlan partlcle slzes raoglng fr6u '15 to 23 nlcrona, tie., eactr sarple waatested at a nunber of dlfferent coneentrations. Ae a reeuit the effect on theBlnghan Plastic paranetera of such factors as coal cype, nl.neral matter content,types of clays presentr Partlcre slze, concentratl,on ind pll have been t."i"J. 

--it"
Eost slgntftcant flndlng lras that for all of the coals rhe aingt". yrerJ-etiess----

iiiili,tiX;:if T::i:1":Jil:i*:"ii"1 lil:,:B:Tffi ':ii it.t:.;:;:"$iii;'*"plastlc-vlscoslty lrere strongly depenient on concentratl.on. Mlneral uatter andtype lnfluenced the rheology ln a conplex Danner depending o., ti, "r."t"oiit.---level and the deBree to lrtriah the clays were dtsseninatea-rhioughout the coal.care Euat therefore be exercrsed rn extrapolatlng rheologlcar ilsults froa ooecoal to another.
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